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Abstract: Device-aided therapies, including levodopa-carbidopa intestinal gel infusion, apomor-
phine subcutaneous infusion, and deep brain stimulation, are available in many countries for the
management of the advanced stage of Parkinson’s disease (PD). Currently, selection of device-aided
therapies is mainly focused on patients’ motor profile while non-motor symptoms play a role limited
to being regarded as possible exclusion criteria in the decision-making process for the delivery and
sustenance of a successful treatment. Differential beneficial effects on specific non-motor symptoms
of the currently available device-aided therapies for PD are emerging and these could hold relevant
clinical implications. In this viewpoint, we suggest that specific non-motor symptoms could be used
as an additional anchor to motor symptoms and not merely as exclusion criteria to deliver bespoke
and patient-specific personalised therapy for advanced PD.
Keywords: Parkinson’s disease; device-aided therapies; non-motor symptoms; personalised medicine;
apomorphine; levodopa-carbidopa intestinal gel; deep brain stimulation
1. Advanced Parkinson’s Disease: The Clinical Scenario
Parkinson’s disease (PD) is a heterogenous syndromic disorder with a complex natural
history, spanning prodromal to palliative stages [1,2]. While early motor phases of PD
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can be effectively managed by oral and transdermal dopamine replacement therapies,
treatment of the more advanced phases remains a challenge, partly complicated by the
requirement to choose which device-aided therapies (DAT) to offer to which patients,
including levodopa-carbidopa intestinal gel infusion (LCIG) with or without entacapone,
subcutaneous apomorphine infusion (APO), and deep brain stimulation (DBS). An optimal
therapeutic choice is important as advanced PD is associated with motor and non-motor
complications which may be refractory to standard oral/transdermal therapy negatively
affecting quality of life [3–6]. International consensus and standard guidelines have at-
tempted to address ideal DAT selection, but the latter still remains an unmet need [7–9].
A recent initiative based on an international Delphi-panel approach identified key mo-
tor, non-motor, and functional indicators of advanced PD [10], externally validated in
the OBSERVE-PD study [11]. This has led to the development of the ‘5-2-1’ paradigm
(≥5-times oral levodopa doses/day, ≥2 h of ‘off’ symptoms/day, ≥1 h of troublesome
dyskinesia/day) to identify motor aspects of advanced PD and ensure timely referral for
DAT initiation [10]. The interim analysis of DUOGLOBE, an observational study evaluating
the long-term effectiveness of LCIG in patients with advanced PD, showed that only 20%
of patients met all of the 5-2-1 criteria, but 98% met at least one criterion, highlighting the
need for further refinement and personalisation of DAT selection [12].
A clinically relevant issue is the debate on whether earlier (than currently adopted in
clinical practice) initiation of DAT may be beneficial for patients with PD. The EARLYSTIM
study as well as the post-hoc analysis of the GLORIA registry have explored an earlier
introduction of DBS and LCIG, respectively, but appropriate timing of DAT initiation
largely remains an area of debate [13–15]. Moreover, older patients (≥75 years), for whom
DBS is often not considered because of risk-benefit uncertainty, may nonetheless benefit
from a modified approach involving DBS of several nuclei [16]. Another emergent debate
is focused on how non-motor symptoms (NMS) may guide DAT selection for patients with
PD as a positive inclusion criterion, rather than being used purely as an exclusion criterion,
e.g., severe depression as a contraindication for DBS and severe hallucinations for APO.
Finally, also in relation to initiatives of providing earlier initiation of DAT in patients
with PD, the relatively high costs of DAT need to be taken into account. Here, the societal
impact of advanced PD is considerable as the 20% most affected patients are responsible
for around 70% of secondary care costs [17]. The costs of DAT can be considerable, but
NMS have not been taken into account in cost-effectiveness analyses [18]. This is a relevant
observation as NMS contribute at least equally, if not more, to quality of life as motor
symptoms [19,20]. Additionally, motor fluctuations, the most common indication for
DAT, are often accompanied by non-motor fluctuations, adding to perceived quality of
life [21,22]. Thus, it seems reasonable to include NMS in the decision to initiate DAT in
patients with PD, especially for those with only moderate motor symptoms but severe
non-motor burden [23].
Therefore, in this viewpoint, we will focus on the emerging role of the non-motor
profile integral to the choice and outcomes of personalised medicine [1] when delivering
DAT in PD. We aim to delineate the emerging field of non-motor indications for DAT and
discuss possible implications for clinical practice.
2. Current Use of Non-Motor Symptoms in Device-Aided Therapies Selection
NMS have been proposed as criteria to consider for use of DAT; however, they are not
considered in most country-based guidelines by licensing authorities or are merely used as
exclusion criteria. The latter has been reviewed as part of the NAVIGATE PD initiative [7],
for instance, and NMS constitute both relative and absolute contraindications for certain
DAT while data suggests NMS could be improved by DAT. An absolute contraindication
(in most countries) for all DAT is severe dementia, whereas non-motor aspects representing
relative contraindications are more diverse. For APO and LCIG these include impulse
control disorder and dopamine dysregulation syndrome, along with mild to moderate
cognitive dysfunction; for DBS the main non-motor contraindications are severe depression
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and clinically relevant cognitive impairments [7,24]. Moreover, presence of symptomatic
orthostatic hypotension, excessive daytime sleepiness, and severe hallucinations could be
considered exclusion criteria for APO [25].
3. Device-Aided Therapies and Differential Effect on Non-Motor Symptoms
While therapeutic decisions and research on DAT have largely focused on the influence
and effect on motor symptoms, NMS are an integral feature of PD and, therefore, should
play an active part in the decision-making process to select the ideal DAT for patients with
PD [7,10]. Although APO, LCIG and bilateral subthalamic nucleus (STN) DBS have been
available for many years for the treatment of PD in many countries, head-to-head compar-
ative studies are limited. Following on from the original EuroInf study [26], the EuroInf
2 study is the first and only study concurrently comparing all three DAT [27]. Although
open-label in its design, it offers Class IIb evidence on the differential effects of these DAT
on NMS measured by the NMS scale (NMSS) total burden and its domain’s scores. In
agreement with other studies, all three therapeutic options confirmed an improvement
in motor complications, Hoehn and Yahr stage and quality of life [26–32]. Although all
three DAT decreased total NMS burden, interestingly, each treatment appeared to have a
bias towards specific NMS thus providing some early indications of varied responsiveness
to each therapy. For instance, in this cohort of 173 patients, APO decreased the atten-
tion/memory domain scores, while bilateral STN-DBS and LCIG did to a lesser extent
which was not statically significant. Nonetheless, it needs to be acknowledged that patients
with cognitive problems would be excluded a priori from receiving DBS. Similarly, in
this study patients receiving APO had higher NMSS attention/memory baseline scores
compared to the other groups, leaving more room for improvement. Data on patients
with severe attention/memory problems are not available. On the other hand, DBS and
LCIG appeared to reduce the urinary and gastrointestinal domains scores, respectively. All
three treatment options decreased the mood/apathy and miscellaneous domains scores,
the latter including weight changes, altered thermoregulation and olfaction as well as
unexplained pain. Improvements here were heterogeneous, and while APO reduced
weight change-related scores, LCIG and DBS improved most of the symptoms contained
within the miscellaneous domain. Aspects of sleep dysfunction and fatigue as measured
by the NMSS also improved with both LCIG and bilateral STN-DBS, but not after APO
initiation. Finally, there is evidence to suggest that APO and bilateral STN-DBS decrease
the perceptual problems and hallucinations domain scores, although typically these are
considered contra-indications [10]. The mechanisms behind these associations need to be
further elucidated; however, it is possible to argue that, for instance, historical presence
of visual hallucinations which are mainly drug-induced, and which might subside after
drug withdrawal at the expense of a troublesome motor worsening, might benefit from
DAT initiation. Finally, combined DAT-related data is also emerging, and may help us to
overcome specific issues [33–38].
3.1. Non-Motor Effects of Deep Brain Stimulation
Important conceptual advances may hold promise in relation to the delivery of per-
sonalised medicine and DAT in PD [2]. In addition to the abovementioned EuroInf studies,
this is exemplified by several studies that have been conducted on the non-motor effects
of DBS, showing improvements in several non-motor areas that have been reviewed else-
where [39–44]. In brief, a recent meta-analysis, including 48 studies with mainly 12-month
follow-up data, suggested post-STN-DBS improvements of depression and anxiety-related
symptoms but increased apathy [41]. Another meta-analysis of seven studies with follow-
up data ranging from three to 24 months showed post-STN-DBS improvements in sleep
quality and restless leg syndrome; however, a high degree of heterogeneity among studies
was reported [39,44,45], and few studies have investigated the effect of STN-DBS on REM
sleep behaviour disorder [42,46]. Another recently published review summarised post-DBS
positive outcomes related to urinary dysfunction (mean bladder volumes at desire and
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urge point to void), while controversial and limited data are available in relation to sex-
ual, cardiovascular, thermoregulatory and gastrointestinal dysfunction [40]. Finally, even
though presence of dementia is a contraindication for DBS, a systematic review of 13 stud-
ies showed that although there was a decline in verbal fluency and attention domains of
cognition, other cognitive functions remained unchanged over a follow-up period ranging
from six months to eight years [43]. It needs to be acknowledged that most included studies
had small cohort sizes and heterogenous outcome measures.
Further advancements in relation to personalised medicine with DBS might be achieved
by directing neurostimulation to specific parts of the basal ganglia and leveraging their
specific connectivity profiles [47–49].
More theoretical approaches, such as adaptive DBS, have been developed as a method
where DBS is turned on and off according to a closed-loop feedback signal recorded from
the tissue surrounding the stimulating electrode. This may develop into personalised
approach if it can show to activate DBS at times of necessity and reduce it at times of
quiescence, for example in sleep, with the aim of a more physiological treatment and
potentially reducing the frequency for battery replacements in non-rechargeable systems.
Presently, limitations to the clinical application of adaptive DBS are: (1) Tremor frequency,
beta-band and other oscillations required for the closed-loop feedback arc of adaptive
DBS are not recordable in all patients with PD [50]; (2) beta-band activity represents not
only pathological alterations, but is also modulated by physiological functions [51,52] (3)
pathological tremor frequency and beta-band oscillations may, in some patients, reflect
tremor, bradykinesia and rigidity, but not NMS [53]; (4) motor symptoms can fluctuate at
different times during the course of the day than non-motor fluctuations [21,22]. As such,
situations may arise in which the neurostimulation is not active because tremor frequency
and beta-band oscillations cannot be detected, but the patient nonetheless presents with
NMS such as pain or depressed mood. Therefore, studies are needed to investigate the
effect of adaptive DBS on quality of life and NMS, not only motor symptoms [54].
3.2. Non-Motor Effects of Levodopa-Carbidopa Intestinal Gel Infusion
There is robust evidence on the effect of LCIG on NMS. In 2015, a systematic review
identified eight open-label studies confirming that LCIG improved total NMS burden after
a follow up period ranging from six to 25 months, with specific positive effects on sleep and
autonomic dysfunction, and particularly gastrointestinal issues measured by the NMSS [55].
Additionally, more recent reviews have highlighted the non-motor effect of LCIG where
a general improvement in the non-motor burden was noted [56,57]. Studies included
in these reviews were, among others, the GLORIA registry, whose 24-month follow up
data showed a remarkable beneficial effect of LCIG on sleep disturbances, apathy, and
gastrointestinal dysfunction as measured by the NMSS [29], and the interim analysis of
the DUOGLOBE study, where an overall improvement in the NMS total burden was also
shown after only six months [12]. Additional open labels studies with 6-month follow-
up data showed a post-LCIG improvement in NMS total burden, including reduction of
the cardiovascular, attention/memory, urinary and miscellaneous domains scores of the
NMSS [26,58]. Interestingly, the baseline total burden of NMS in PD can predict a robust
total non-motor response to LCIG therapy at two years follow up. This observation can
underpin DAT selection with an NMS focus, specifically when considering personalised
LCIG therapy for instance [59].
3.3. Non-Motor Effects of Apomorphine Subcutaneous Infusion
Although APO has been in use longest compared with DBS and LCIG (APO became
available on the European market in the early 1990s), data regarding APO and selection
of this device-aided therapy based on patients’ non-motor profile is less obvious and the
results from the double-blind TOLEDO study are awaited with interest [60]. However,
several open-label and case report-based studies show that this treatment can have a
beneficial effect on the NMS total burden as well as on specific non-motor areas, and these
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have been reviewed elsewhere [56,61,62]. In brief, there is evidence suggesting post-APO
improvements in depression, anxiety, apathy, perceptual problems, cognitive impairment,
sleep dysfunction (insomnia and restless leg syndrome), fatigue, urinary dysfunction
(urinary frequency, urgency and nocturia), and gastrointestinal dysfunction (dribbling of
saliva) as measured by the NMSS at both 6- and 12-month follow up [26,63]. The reported
beneficial effect or tolerability of APO on mild visual hallucinations is of interest given
that it is a dopamine D1 and D2 receptor agonist, and suggested underlying mechanisms
include the associated reduction in oral medication and/or a psychotropic action of APO,
possibly due to the piperidine moiety in its structure [64,65]. In addition, the potential
beneficial role of APO on cerebral amyloid deposition is worth considering in relation to
its positive modulatory effect on cognition [26,63,66,67].
4. Need for Personalised Treatment in Advanced Parkinson’s: Clinical Cases
Taking into account the distinct NMS effects of these three DAT, it can be postulated
that the specific non-motor profile of patients with advanced PD may serve as an additional
anchor to motor symptoms to deliver personalised medicine. Two illustrative clinical cases
are presented in Figure 1 showing the different non-motor profile of two patients with
advanced PD evaluated for DAT initiation.
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Figure 1. Radar chart of non-motor profile of two patients with advanced Parkinson’s disease as-
sessed for initiati n of device-aided treatments. The r dar chart is based on the Non-Motor Symptoms
Scale (NMSS) omains scores obtained as part of outine clinical ssessment. While patient 1’s no -
motor profile is dominated by mild attention/memory issues as well as mild perceptual problems,
patient 2’s main complaint is dysautonomia, including cardiovascular, urinary and gastrointestinal
dysfunction. Numbers represent the NMSS domains scores. The light green area represents the
overlap in symptoms between the two patients.
The clinical assessment revealed that both patients suffered from motor complications
including troublesome dyskinesia and motor fluctuations refractory to conventional ther-
apies; in addition, the non-motor profile of patient 1 was dominated by mild cognitive
decline and non-intrusive perceptual issues, whereas for patient 2, cardiovascular, urinary,
and gastrointestinal dysfunction were particularly pronounced. On the basis of these two
different non-motor profiles and according to the EuroInf 2 data, it can be argued that
APO may represent the best therapeutic option for patient 1, while, for patient 2, APO
may not be suitable as it may exacerbate pre-existing cardiovascular problems, including
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orthostatic hypotension. On the other hand, while LCIG may be useful to improve gas-
trointestinal symptoms, STN-DBS may be the best option to improve urinary dysfunction
for patient 2. As such, it would be important to inquire which one of the two is the most
troublesome/severe NMS to better tailor the decision-making process.
Other factors are also implicated in the delivery of personalised DAT in PD [2]. Eval-
uation of patient age, for instance, represents a key aspect in the assessment for DBS
suitability; indeed, age >70 or 75 years is an exclusion criterion for DBS in some centres
given the associated higher risk of complications [68]; nevertheless, biological age is more
often taken into consideration than chronological age in addition to the fact that the impact
of “healthy ageing” is growing [69]. Another relevant aspect of this decision-making
process is the evaluation of comorbidities. For instance, poorly controlled diabetic patients
with PD have a higher risk of developing skin infections and this should be considered
in the evaluation for any DAT [70]. Other comorbidities, such as pre-existing significant
and symptomatic peripheral neuropathy needs consideration for LCIG, impulse control
disorder and intrusive psychosis (as opposed to mild non-intrusive psychosis) for APO,
and severe depression or suicidal trends for DBS [7]. Last but not least, patient personality
and preferences need to be taken into account: some active young patients may prefer
a more invasive brain surgery than a percutaneous endoscopic gastrostomy in order to
avoid carrying a visible infusion pump every day, and for a “quick fix” of dyskinesias and
tremor [71]. Body weight has also emerged as an important aspect of the decision-making
process [72]. Low body weight patients with advanced PD may develop pain, discom-
fort and worsening of postural problems with subsequent risk of falls when carrying a
heavy infusion pump [73]. The advent of a smaller infusion pump with the new levodopa-
carbidopa-entacapone intestinal gel product now licensed for use in Sweden and Germany
may represent a significant advance in this respect [74,75]. Whether this new product will
have an impact on NMS similar to LCIG remains unexplored. Evaluating the ability of the
patient and/or caregiver to handle the medication and the device, as well as daily skin
hygiene, is also critical [73].
5. Conclusions
Device-aided therapies are now established worldwide for the management of ad-
vanced Parkinson’s disease. While the emphasis of device-aided therapies selection remains
based on the motor profile of patients with PD, non-motor symptoms have also been shown
to play a part in the prognostic aspects of the successful delivery of these therapeutic op-
tions and are now included in the diagnostic algorithm of advanced PD. Considering the
differential effect on non-motor symptoms of the currently available device-aided therapies,
non-motor symptoms are relevant to delivering personalised medicine in Parkinson’s dis-
ease. We envisage that the identification of different motor and non-motor phenotypes of
Parkinson’s may guide the delivery of personalised medicine in the advanced stage of the
condition, perhaps guided by technology able to predict motor and non-motor responses
to device-aided therapies on the basis of the patient-specific pre-intervention symptom’s
profile. We suggest that non-motor symptoms are an important enabler of the constituents
of the “circle of personalised medicine” and offers a chance to deliver bespoke personalised
therapy for advanced PD (Figure 2).
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